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© Chemical conversion process. 



® A process for converting a feedstock containing 1 to about 6 carbon atoms per molecule which includes (a) 
contacting the feedstock with a solid composition comprising a crystalline microporous three dimensional solid 
catalyst having pores and being capable of promoting the conversion, and matrix material at conditions effective 
to convert the feedstock, to produce at least one desired product, and to at least partially deactivate the solid 
composition; (b) contacting the deactivated solid composition with regeneration medium at conditions to at least 
partially regenerate the solid composition; and (c) repeating step (a), the improvement which comprises (d) 
contacting the regenerated solid composition prior to step (c) to condition the regenerated solid composition to 
have increased effectiveness in step (c). 
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CHEMICAL CONVERSION PROCESS 

Held of the Invention 

outstanding results. conversion process employing certain defined catalysts which provides 



Background of the Invention 
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A process for catalytically converting a feedstock has been discovered. In one broad aspect, the 
present process involves converting a feedstock containing 1 to about 6 carbon atoms per molecule with a 
solid composition, e.g., solid particles, comprising crystalline microporus three dimensional solid catalyst or 
CMSC having the ability to promote the conversion and matrix material component at conditions effective to 
s convert the feedstock and to produce at least one desired product. The present improvement comprises 
conditioning at least a portion of this solid composition prior to and/or during the feedstock/solid composi- 
tion contacting to provide a solid composition having increased effectiveness in the feedstock/solid 
composition contacting. 

w 

Discussion of the Invention 

The present catalytic conversion process provides substantial advantages. For example, the often 
relatively non-selective catalytic activity of the matrix material, e.g., binder and filler, component of the solid 

15 composition can be substantially reduced or even substantially eliminated by employing the present 
conditioning step. This benefit is achieved without substantially adversely impacting on the structure or 
desired functioning of the matrix material. This conditioning step, which is preferably separate and apart 
from the conventional catalyst regeneration step, can result in more effective feedstock utilization and 
increased desired product yields. In many instances, the conditioning step involves the use of relatively 

20 inexpensive materials and/or relatively small amounts of such materials. In short, the present invention can 
provide a cost effective processing route to improved yields of desired products. 

In one embodiment, the feedstock/solid composition contacting further involves at least partially 
deactivating the solid composition, e.g., by the disposition of carbonaceous deposit material on the solid 
composition. This deactivation causes the solid composition to be less active in promoting feedstock 

25 conversion, e.g., to the desired product. The deactivated solid composition is contacted with regeneration 
medium, e.g., an oxygen-containing gaseous medium, at conditions effective to at least partially regenerate 
the solid composition, i.e., to at least partially restore the activity to the solid composition to promote 
feedstock conversion, e.g., to the desired product. The feedstock/solid composition contacting is then 
repeated. In this embodiment, the present improvement comprises contacting the regenerated catalyst prior 

30 to repeating the feedstock/solid composition contacting to condition the regenerated solid composition to 
have increased effectiveness in the repeated feedstock/solid composition contacting relative to the regener- 
ated solid composition without the present conditioning. 

In another embodiment, the present improvement comprises contacting at least one component, e.g., at 
least one matrix material component, of the solid composition prior to the feedstock/solid composition 

35 contacting to provide the solid composition with increased effectiveness in the feedstock/solid composition 
contacting. 

In a further embodiment, the solid composition during the feedstock/solid composition contacting is 
present as solid particles in the fluidized state or in a fixed bed. preferably in the fluidized state. In this 
embodiment, the present improvement comprises conducting the feedstock/solid particles contacting in the 

40 presence of at least one added conditioning agent in an amount effective to improve the performance of the 
solid particles in the feedstock/solid particles contacting, provided that the conditioning agent is substan- 
tially incapable of entering the pores of the CMSC. Thus, the conditioning agent can beneficially affect the 
matrix material component of the solid particles, which having substantially no adverse effect on the CMSC 
component of the solid particles. 

45 Each of the above three embodiments may be practiced independently, i.e., without reference to the 
other two embodiments. However, any two or all three of these embodiments may be practiced at one time, 
e.g., in the same commercial operation. In other words, these embodiments are not necessarily exclusive of 
each other and may be advantageously practiced in various combinations. 

As noted above, CMSCs are those which promote chemical reactions of molecules having selected 

50 sizes, shapes or transition states. That is, CMSCs are materials which promote chemical reactions of 
feedstock molecules which conform to a given molecular size, molecular shape or molecular transition state 
constraint. Different CMSC have different size/shape/transition state constraints depending on the physical 
structure and chemical composition, for example, the average effective diameter of the pores, of the CMSC. 
Thus, the particular CMSC chosen for use depends, for example, on the particular feedstock employed, and 

55 on the particular chemical conversion (reaction) and product desired. Preferably, the CMSC has a 
substantially uniform pore structure, e.g., substantially uniformly sized and shaped pores. CMSCs include, 
for example, layered clays; zeolitic molecular sieves and non-zeolitic molecular sieves or MZMSs. 

The presently useful MZMSs include molecular sieves embraced by an empirical chemical composition, 

3 
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on an anhydrous basis, expressed by the formula: 
(I) mR: (QwAIxPySiJOa 

S 7£ttSTi~tt£2L m t r framework oxide unit ' co * tt * - <*■■• v 

s intracrystalline pore system »m" reoresL X T * ^ ° r93niC t9mp,atin 9 a 9 ent P^nt on the 

and has a value^om^o'to J^T^T* T^V^TI ST T " 
AI0 2 - : P0 2 '. Si0 2 . respectively, present as fr^ework LS un«s TTL,? 7 ° f Q ° 2 " 

having a mean "T-O" distance in tetrahsrirai „ yMa T^ ? tS- Q ,s ch aractenzed as an element 
has a cation eiectronegS better ^ betW9en ab0Ut 151 * and 2 °6 A. -Q- 
10 capabfe of forming staSe Q-O-P TS^i or £<£i h 1 9 ^° m to ab ° Ut 310 kca "9m-atom and "Q" is 
having a "Q-O" bond diociaBon Energy gr^an a^ut *™ ° xide sfruc ^ 

at pages 8a, 8b and 8c of EPC PubSnTJS £>T S r , I k ^ atom at 298 * (See the discussion 
«on of "EL" and »M». Such a« equ vatent to Q as uSh ° Ct ° ber 3 °' 1985 ' ab0Ut *• characteriza- 
moie fractions of »Q». aluminum Z^horus and IcT S££ "*" V -nd " 2 " 

" xxxss r rf 9 WKsr 38 framework oxides s * d 

y is equal to 1 to 99 mole percent; 
x is equal to 1 to 99 mole percent; and 
z is equal to 0 to 99 mole percent. 

20 element ^f^^ 

beryllium, boron, chromium cobalt, gallium germalm ?r«n ^ y be 009 °' 9,9ments 
vanadium and zinc. Combinations oi te 7e m ^^nZJ^ ma9n9Sium ' ^ganese. titanium, 
such combinations are present in the structTof a ?AP?oS S S r9pr9S9ntin 9 Q ' «* * the extent 
component in the range of 1 to 99 percenr theraf . rXf.S, k * . I 9 Pr9S9nt m molar frac,ions of *e ° 
existence of Q and S? ,n sucr! <£ £ Z ^JSS"i2S ?J22 J* ^ W Contem P ,a ** the non- 
has a positive value, then the operative strucLrets^t nf t t f ^"""ophosphate or AIPO.. Where z 
QAPSO does not perforce re^^ t^^^^^^^ « SAPO. Thus, the term 
multiplicity of eiements, then to the ex£n Z etmenS preSm J^T ?° ^ Pr9S9nt Wh9n Q is a 
structure is that of the ELAPSO's or ELAPO's or T^S^ES.?; 6,0 Contem P ,ated . «™ operative 
the contemplation that motecuiar sieves o, ^the QAPSO variety ^TfL J V^T H ° Wever ' in 

zsssszr il is the — to ^iS^K 

<e~^£ te ^ - structures 

in the paper entitled. "Aiuminophosphate StecuS sTeTes a3 th/p ? J*""* Wd by Rani 9 en et al - 
Developments and Zeolite Science TechnoS Pro^ln * e u Pen ° d,C Tab,e '" pub,ished in th « "«« 
edited by Y. MuraKami. A. S.jima and fw" Wa^. STS?,f ^ ,ntemati0na ' Co "<— ■ 
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U.S. Pat. 4,567,029 

Subject Matter of Patent or Patent Application 



MAPO's are crystalline metal aluminophosphates havino a thro^m^ • , 
structure of MOr 2 , AI0 2 - and P0 2 * tetrahedrai JZ 17 ^^dimensional m.croporous framework 
anhydrous basis expressed by the iSST Z Tr To" 9 ? com ^«on on an 
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tetrahedral oxides. The fractions are such that they are within a tetragonal compositional area defined by 
points ABC and D of Figure 1 of the drawings of the patent. 

This patent, at column 6, describes the use of aluminophosphates as a source of phosphorus (lines 26- 
28) and as a source of aluminum (lines 38-40), and the use of seed crystals to aid in the crystallization of 
the desired molecular sieve (lines 59-63). Example 85 depicts the use of MAPO-36 as a seed for making 
MnAPO-36. The chemical composition of the MnAPO-36 fails to reveal the presence of any magnesium. 



U.S. Pat.4,440,871 

10 

SAPO molecular sieves are a general class of microporous crystallilne silicoaiuminophosphates. The 
pores have a nominal diameter of greater than about 3 A. The "essentially empirical composition" is mR:- 
(Si x Al y P 2 )0 2 , where R represents at least one organic templating agent present in the intracrystalline pore 
system; m has a typical value of from 0 to 0.3 and represents the moles of R present per mole of 

is (Si x Al y P z )0 2 ; x, y and z represent the mole fractions of silicon, aluminum and phosphorus, respectively, 
present as tetTahedral oxides. The fractions are such that they are within a pentagonal compositional area 
defined by points A, B, C, D and E of the ternary diagram of Figure 1 and preferably within the pentagonal 
compositional area defined by points a, b. c. d and e of Figure 2. of the drawings of the patent. The SAPO 
molecular sieves have a characteristic x-ray powder diffraction pattern which contains at least the d- 

20 spacings set forth in any one of Tables I, III, V, VII. IX, XI. XIII, XV, XVII, XIX, XXI, XXIII or XXV of the 
patent, Further, the as-synthesized crystalline silicoaiuminophosphates of the patent may be calcined at a 
temperature sufficiently high to remove at least some of any organic templating agent present in the 
intracrystalline pore system as a result of such synthesis. The silicoaiuminophosphates are generally 
referred to therein as "SAPO", as a class, or as "SAPO-n" wherein w n" is an integer denoting a particular 

25 SAPO as its preparation is reported in the patent. 

The U.S. patent speaks at column 8, lines 12-16 of employing seed crystals to generate SAPO species. 
That technique is described in examples 22. 51 and 53. 

30 U.S. Ser.No.600,312 filed April 13,1984, commonly assigned, EPC Public. 0 159 624, published October 
30.1985 

ELAPSO molecular sieves have the units EL0 2 n . AI0 2 ~, P0 2 *. Si0 2 in the framework structure and 
have an empirical chemical composition on an anhydrous basis expressed by the formula: 
35 mR:(EL w Al x PySi 2 )0 2 

where "EL" represents at least one element present as a framework oxide unit n EL0 2 n " with charge w n" 
where "n" may be -3, -2, -1, 0-or +1; W R" represents at least one organic templating agent present on the 
intracrystalline pore system; "m" represents the molar amount of "R" present per mole of (EL w Al x P y Si z )0 2 
and has a value from zero to about 0.3; and "w", "x", V and M z" represent the mole fractions of EL0 2 n , 

40 AI0 2 ~ P0 2 *, Si0 2 , respectively, present as framework oxide units. "EL" is characterized as an element 
having (a) a mean "T-O" distance in tetrahedral oxide structures between about 1.51 A and about 2.06 A, 
(b) a cation electronegativity between about 125 kcal/g-atom to about 310 kcal/gm-atom and (c) a capability 
of forming stable M-O-P, M-O-AI or M-O-M bonds in crystalline three dimensional oxide structures having a 
"m-O" bond dissociation energy greater than about 59 kcal/g-atom at 298* K. "w", "x". w y n and "z" 

45 represent the mole fractions of "EL", aluminum, phosphorus and silicon, respectively, present as framework 
oxides. The mole fractions are within the limiting compositional values or point as follows: 
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Mole Fraction 


Point 
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(z + w) 


A 


0.60 


0.39-(0.01p) 


0.01 (p + 1) 


B 


0.39-(0.01p) 


0.60 


0.01 (p + 1) 
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0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 
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0.60 


0.01 


0.39 
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Mole Fraction 


Point 


X 


V 


(z + w) 


a 
b 
c 
d 


0.60 

0.39-(0.01p) 

0.10 

0.55 
1 


0.39-(0.01p) 
0.60 
0.55 
0.10 


0.01 (p + 1) 
0.01(p + 1) 
0.35 
0.35 



20 where "p" is as above defined. 

5B , sa. asa. sbb, 58b . 5 „o- P 5 e?. S^^^^ 

U.S. Pat. 4,500,651, patented Feb. 19. 1985 

mR: (Ti x Al y P 2 )0 2 (1) 3 9 3 Unrt em P |r| cal formula on an anhydrous basis of- 

maximum value in each case depending upon Se molL'nK ^ ° f ,r ° m 26ro t0 50 - the 

available void voiume of the pore system of £ S£2T ^T 3 ' 0 " 8 ,° f temP ' atin9 a 9 ent — the 
represent the mole fractions of titanium aluminum anTn^ J™"" m ° ,eCU ' ar S '' eVe; " X "' >" and 
oxides, representing the following values for y V id £ ^ P resent « ^ahedral 
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Mole Fraction 


Point 
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(z + w) 


A 


0.001 


0.45 


0.549 


B 


0.88 


0.01 


0.11 


C 


0.98 


0.01 


0.01 


O 


0.29 


0.70 


0.01 


E 


0.0001 


0.70 


0.299 



SO 



The parameters "x", n 



V" and "z" are preferably within the following values for "x", 



V and n z": 
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Mole Fraction 


Point 


X 


y 


(z + w) 


a 


0.002 


0.499 


0.499 


b 


0.20 


0.40 


0.40 


c 


0.20 


0.50 


0.30 


d 


0.10 


0.60 


0.30 


e 


0.002 


0.60 


0.398 



The TAPO molecular sieves are generally further characterized by an intracrystalline adsorption 
capacity for water at 4.6 torr and about 24' C. of about 3.0 weight percent. The adsorption of water has 
been observed to be completely reversible while retaining the same essential framework topology in both 
15 the hydrated and dehydrated state. 

The U. S. patent at column 8, lines 65-68, and column 9. lines 15-18. discusses the use of crystalline 
amorphous aluminophosphate as a source of phosphorus and aluminum. At column 6, lines 1-5, seeding is 
described as facilitating the crystallization procedure. Comparative example 44 describes a composition of 
amorphous Ti0 2 and 95 wt. % AIPO*18 without an indication of how the composition was prepared. 



U.S. Ser. No. 600,179, filed Apr. 13. 1984. EPC Publication 0 161 488, published Nov. 21. 1985 

The TiAPSO molecular sieves have three-dimensional microporous framework structures of Ti02, AIO2 , 
25 POt and Si0 2 tetrahedral oxide units having an empirical chemical composition on an anhydrous basis 
expressed by the formula: 
mR:(Ti w Al x P y SU)C>2 

wherein "FT represents at least one organic templating agent present in the intracrystalline pore system; 
"m" represents the molar amount of "FT present per mole of (Ti w Al x P y Si z )0 2 and has a value of from zero 
30 to about 0.3; and "w", "x", n y rt and "z" represent the mole fractions of titanium, aluminum, phosphorus and 
silicon, respectively, present as tetrahedral oxides and each has a value of at least 0.01. The mole fractions 
"w n , "x", V and n z" are generally defined in respect to the ternary diagram of Figure 1 of the applications 
as being within the following limiting compositional values or points: 
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Mole Fraction 


Point 
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y ! 


(z + 








w) 
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0.60 


0.38 


0.02 


B 


0.38 


0.60 


0.02 


C 


0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



In a subclass of TiAPSO molecular sieves the values "w". "x", "y" and "z" in the above formula are 
within the tetragonal compositional area defines by points a. b, c and d of the ternary diagram of Figure 2 of 
the applications, said points a, b f c and d representing the following values for H w", V\ V and "z": 

so 
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Mole Fraction 


Point 
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(2 + 








w) 


a 


0.55 


0.43 


0.02 
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0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 
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0.55 


0.10 


0.35 
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U.S. Pat. 4,554,143, patented Nov. 19.1985 

Ferroaluminophosphates (FAPO's) are disclosed in U.S. Patent No 4554 143 in CO m« rate H • K ' 
232."? ^ h 3 thre ^ imensional soporous crysta, framework 2^of^2TSSS"p5 
^ " SSSentla ' empiriCal ChemiCal COm P° Si « on ' °" « -hydls bLis of: 





Mole Fraction 


Point 


X 


y 


(z + 








w) 


A 


0.01 


0.60 


0.39 


B 


0.01 


0.39 


0.60 


C 


0.35 


0.05 


0.60 


D 


0.35 


0.60 


0.05 



When synthesized the minimum value of "m' 
ferroaluminophosphates the values of "x", "y' 
values of "x", "y" and "z": 



in the formula ab ;ve is 0.02. In a preferred subclass of the 
and "2" in the formula above are representing the following 
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Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.01 


0.52 


0.47 


b 


0.01 


0.39 


0.60 


c 


0.25 


0.15 


0.60 


d 


0.25 


0.40 


0.35 
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The patent indicates at column 5, lines 43-45 and 54-56, that crystalline amorphous aluminophosphate 
may be used as a source of phosphorus and aluminum and at column 6, lines 1-5, describes seeding of the 
reaction mixture as facilitating the crystallization procedure. 

5 

U.S. Application S.N. 600.173. filed April 13. 1984, EPC Publication 0 161 491, published Nov. 21, 1985 

The FeAPSO molecular sieves have a three-dimensional microporous crystal framework structures of 
Fe0 2 ~ 2 (and/or Fe02). AIO2, PO2 and SI0 2 tetrahedral oxide units and having a unit empirical formula, on 
70 an anhydrous basis, of: 
mR:(Fe w Ai x P y Si z )0 2 (1) 

wherein "FT represents at least one organic templating agent present in the intracrystalline pore system; 
"m" represents the moles of "R" present per mole of (Fe w Al x P y Si z )0 2 and has a value of from zero to about 
0.3; the maximum value of "m" in each case depends upon the molecular dimensions of the templating 
rs agent and the available void volume of the pore system of the particular molecular sieve involved; and "w", 
n x", "y" 2 nd " z " represent the mole fractions of iron, aluminum, phosphorus and silicon, respectively, 
present as tetrahedral oxides, said mole fractions being such that they are within the limiting compositional 
values or points as follows: 
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Mole Fraction 


Point 


X 


y 


(z + 








w) 


A 


0.60 


0.38 


0.02 


B 


0.38 


0.60 


0.02 


C 


0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



The values of w, x, y and z may be as follows: 
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Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.55 


0.43 


0.02 


b 


0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 


d 


0.55 


0.10 


0.35 



45 The EP publication, at page 12, describes the use of seeding the reaction mixture to facilitate the 
crystallization procedure. At page 18, the publication describes the use of crystalline amorphous al- 
uminophosphates as a source of phosphorus and aluminum in making the molecular sieve. 

50 U.S. Serial No. 600,170. EPC Publication 0 158 975, published Oct. 23, 1985 

The ZnAPSO molecular sieves of U.S. Serial No. 600,170, filed April 13, 1984 comprise framework 
structures of Zn0 2 ~ 2 , AlCfe- P0 2 + and Si0 2 tetrahedral units havings an empirical chemical composition on 
an anhydrous basis expressed by the formula: 
56 mR:(2n w Al x PySi 2 )02 

wherein "R" represents at least one organic templating agent present in the intracrystalline pore system; 
"m n represents the molar amount of "R" present per mole of (Zn w Al x P y Si 2 )0 2 and has a value of zero to 
about 0.3; and "w", "x", "y" and "z" represent the mole fractions of zinc, aluminum, phosphorus and 

9 
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follows: 9 Y Ped bemg w,th,n the ,,mrt,n 9 compositionaJ values or points as 
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Mole Fraction 


Point 


X 


y 


(2 + 








w) 


A 


0.60 


0.38 


0.02 


e 


0.38 


0.60 


0.02 


C 


0.01 


0.60 


0.30 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



In a preferred subclass of ZnAPSO molecular sieves the values "w" 
formula are within the limiting compositional vatues or p3J2 Slows: 



"x", "y" and "z" in the above 



20 



25 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.55 


0.43 


0.02 


b 


0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 


d 


0.55 


0.10 


0.35 



30 



35 



40 



45 



U.S. App.ieM.n S.N. eoo.,80. »« Ap„, 13 . 1984 , EPC „ ,„ ^ ^ ^ ^ 

basis stressed by the formula: -~ an chemical composite on an anhydrous 

mRifMg^PySyOa 

- Pore system; 

about 0.3; and »w" . V . V and VrepeseS tte 2 J ( ^ 9wA, ^° 2 «* ■ value from zero to 
and silicon, respectively, present as LSSS^^5!S^L *™™<"' P^orus 

mole fractions "w». v. -y" and V are oeneraT k preferab,v has a va,ue °- at least 0.01. The 

or points as follows: 9 era " y defined as be,n 9 within *° limiting compositionaJ values 



so 



55 
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5 



70 





Mole Fraction 


Point 


X 


y 


(z + 








w) 


A 


0.60 


0.38 


0.02 


B 


0.39 


0.59 


0.02 


C 


0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



In a preferred subclass of the MgAPSO molecular sieves the values "w", *V\ n y n and "z w in the above 
formula are within the limiting compositional values or points as follows: 

15 



20 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.55 


0.43 


0.02 


b 


• 0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 


d 


0.55 


0.10 


0.35 



This publication depicts seeding to generate product at page 14 and in examples 5, 6, 55, 58 and 59. 

30 U.S. Application Serial No. 600,175, filed April 4, 1984, EPC Publication 0 161 490. published Nov. 11. 1985 

The MnAPSO molecular sieves of U.S. Serial No. 600,175, filed April 13, 1984 have a framework 
structure of Mn0 2 2 . AIO2, PO2, and S1O2 tetrahedral units having an empirical chemical composition on an 
anhydrous basis expressed by the formula: 
35 mRrfMnwAlxPySiJOa 

wherein "FT represents at least one organic templating agent present in the intracrystalline pore system; 
"m" represents the molar amount of "R" present per mole of (Mn w Al x P y Si z )02 and has a value of zero to 
about 0.3; and "w", "x", "y" and "2" represent the mole fractions of element manganese, aluminum, 
phosphorus and silicon, respectively, present as tetrahedral oxides. The mole fractions "w", n x rt , "y" and 
40 "z" are generally defined as being within the limiting compositional values or points as follows: 



50 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


A 


0.60 


0.38 


0.02 


B 


0.38 


0.60 


0.02 


C 


0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



The values of w., x, y and z may be as follows: 
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5 





Mole Fraction 


. Point 


X 


y 


(2 + 








w) 


a 


0.55 


0.43 


0.02 


b 


0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 


d 


0.55 


0.10 


0.35 



U^App.caton Serial No. 600..74. M Aprtl ,3, ,984. EPO PublicaSop 0 , 61 489. ppMaPe. Nov. 2,. 
mR:(Co w Al x P y St z )02 

to about 0.3; and V", "x" "v p and -?» , « . x y z) ° 2 and has a va,ue of ,rom zer ° 
-JJ- 0.0, 1 are gep,^ o^, ea being M „e «?r^i, L2 J pSTa, 



20 



30 



35 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


A 


0.60 


0.38 


0.02 


B 


0.38 


0.60 


0.02 


C 


0.01 


0.60 


0.39 


D 


0.01 


0.01 


0.98 


E 


0.60 


0.01 


0.39 



4, Ah J2 I Pre ! 8rn3d SU . bClaSS 0f * e CoAPSO mo,ecu, * r sieves the values of "w" 
45 above formula are within the limiting compositional values or points as follows: 



"x", V and n z n in the 



50 



55 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.55 


0.43 


0.02 


b 


0.43 


0.55 


0.02 


c 


0.10 


0.55 


0.35 


d 


0.55 


0.10 


0.35 



The EP publication at page 13 depicts the use of crystaliine amorphous aluminophosphate as a , 



source 
12 
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of phosphorus and aluminum and at page 14 states that seeding the reaction mixture facilitates the 
crystallization procedure. Examples 11, 12, 13. 93 and 97-103 depict the use of seed crystals. 



5 U.S. 599,771 599,776 599.807, 599.809, 599,811 599.812 599,813 600,166 600,171 each filed April 13. 
1984, EPC Publication 0 158 976, published Oct. 23, 1985 

MeAPO molecular sieves are crystalline microporous aluminophosphates in .which the substituent metal 
is one of a mixture of two or more divalent metals of the group magnesium, manganese, zinc and cobalt 
to and are disclosed in U.S. Patent No. 4,567,028. Members of this novel class of compositions have a three- 
dimensional microporous crystal framework structure of MO2 2 , AI0 2 and P0 2 tetrahedral units and have the 
essentially empirical chemical composition, on an anhydrous basis, of: 
mR:(M x Al y P 2 )0 2 

wherein "R n represents at least one organic templating agent present in the intracrystalline pore system; 

15 "m" represents the moles of "R" present per mole of (M x Al y P z )0 2 and has a value of from zero to 0.3, the 
maximum value in each case depending upon the molecular dimensions of the templating agent and the 
available void volume of the pore system of the particular metal aluminophosphate involved; "x rt , "y" and 
"z" represent the mole fractions of the metal n M n , (i.e., magnesium, manganese, zinc and cobalt), 
aluminum and phosphorus, respectively, present as tetrahedral oxides, said mole fractions being such that 

20 they are representing the following values for n x\ tt y" and w z": 



25 



30 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


A 


0.01 


0.60 


0.39 


B 


0.01 


0.39 


0.60 


C 


0.35 


0.05 


0.60 


D 


0.35 


0.60 


0.05 



When synthesized the minimum value of "m n in the formula above is 0.02. In a preferred subclass of the 
metal aluminophosphates of this invention, the values of "x", "y" and "z M in the formula above are 
35 representing the following values for n x". "y" and "z w : 



40 



45 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.01 


0.52 


0.47 


b 


0.01 


0.39 


0.60 


c 


0.25 


0.15 


0.60 


d 


0.25 


0.40 


0.35 



The as-synthesized compositions are capable of withstanding 350" C. calcination in air for extended 
periods, i.e., at least 2 hours, without becoming amorphous. 

The EP publication at pages 14 and 15 depicts the use of crystalline and amorphous aluminophosphate 
as a source of phosphorus and aluminum and at page 15 states that seeding the reaction mixture facilitates 
the crystallization procedure. Example 8 discloses seeding of crystals. 

EPC Applic. 85104386.9, filed April 11, 1985 (EPC Publication No. 0158976, published October 13, 1985) 
and EPC Applic. 85104388.5, filed April 11, 1985 (EPC Publication No. 158348, published October 16. 
1985) 
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iron, magnesium, manganese, titanium and zinc " ^ 9r ° UP C °" SiSting 0f cobalt - 

present, the second and further elements may te selected from L ?1 " *"° e ' ementS 
25 second group of elements, as above discussed 9r0 " P ° f e ' ementS and/or 

AfO^O^M^ miCr< * 0rous *r-tures of 

expressed by the formula 3 6 ™ ""P" 0- Chemical com P^tion on an anhydrous basis 



expressed by the formula: 
mR:(M x Al y P 2 )0 2 ; 
30 wherein 
m 



35 



40 



ZZX^^:^^ZZ^T ( ST^ ^ astern; 
0.3; -M- represents at JZ Li«L ♦ P / ° f (M * A, y p *>°* ar, d has a value of zero to about 

least L Sment se eS Zrr Zn f* - ** ° f f ° rmin9 frameW0rk tetrahedral oxidas "here "M is a 

chem^,?o^^nC^): e,emen,(S, " M " " d Ph ° Sph °™ ar ° «P~- * the empirica, 

mR:(M x AI y P z )0 2 

represented by »*-. "x 2 - "x£ e£ where* " ? and aT^' M " ^ 2 Ms ' ^ ™ y be 
fractions of elements M„ M 2 . Ma, and etc or «M" as abo^e defined Th 7T. '"^^ m °' 9 
are as defined for V hereinafter/where " + l 2 * + X" ^?«J wn^v * " " X2 * , ■ " X3 "' etC ' 
45 least 0.01. 3 x and where x,, x 2l x 3 . etc. are each at 

pTte^e S Sr u nt W hf y8ta,,ine three - dimensional -icroporous framework structure of 
expressed bX^ST^ 9 " emPir ' Ca ' Ch6miCal com «»-«°" on an anhydrous basis 

mRrfMxAlyPjOa 

0.3; "IVT represents at i M «*t ™ Q * (^xAJ y P 2 )0 2 and has a value of zero to about 

-ahedr/o^^ * **** framed 

aluminum and phosphorus, respectively present as uLLS « h reprasent ^ mote of "M", 

se being generally defined aswithin ^ f^ 5? ^ ,raCti ° nS " X "" V ^ " 2 " 
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5 



TO 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


A 


0.02 


0.60 


0.38 


B 


0.02 


0.38 


0.60 


C 


0.39 


0.01 


0.60 


D 


0.98 


0.01 


0.01 


E 


0.39 


0.60 


0.01 



In a preferred sub-class of the ELAPOs of this invention, the values of n x w . "y" and "z" in the formula 
above are within the following values for "x", "y" and "z": 

15 



20 



25 





Mole Fraction 


Point 


X 


y 


(2 + 








w) 


a 


0.02 


0.60 


0.39 


b 


0.02 


0.38 


0.60 


c 


0.39 


0.01 


0.60 


d 


0.60 


0.01 


0.39 


e 


0.60 


0.39 


0.01 


f 


0.39 


0.60 


0.01 



30 

U.S. Patent No. 4,310,440 

ALPO's are the basic and simplest of the crystalline aluminophosphates. They each having a framework 
structure whose chemical composition expressed in terms of mole ratios of oxides is: 
35 AI 2 O3:1.0±0.2P 2 Os: 

each of said framework structures being microporous in which the pores are uniform and have nominal 
diameters within the range of about 3 to about 10A, an intracrystalline adsorption capacity for water at 4.6 
torr and 24* C. of at least 3.5 weight percent, the adsorption and desorption of water being completely 
reversible while retaining the same essential framework topology in both the hydrated and dehydrated state. 

40 

U.S. Pat. Applications 600,168, 600,181, 600,182. 600,183, European Patent Publ. 0 158 350, publ. Oct. 16. 
1985 

45 SENAPSO are quinary and senary molecular sieves that have framework structures of at least two 
elements having tetrahedral oxide units "M0 2 nn and having AI0 2 ", P0 2 * Si0 2 tetrahedral oxide units, 
where "n" is -3, -2, -1, 0 or +1, and have an empirical chemical composition on an anhydrous basis 
expressed by the formula: 
mR:(M w AlxP y Si z )0 2 

50 wherein "FT represents at least one organic templating agent present in the intracrystalline pore system; 
"m" represents the molar amount of "R H present per mole of (M w Al x P y Si 2 )0 2 and has a value of from 0 to 
about 0.3; "M" represents at least two elements selected from the group consisting of arsenic, beryllium, 
boron, chromium, cobalt, gallium, germanium, iron, lithium, magnesium, manganese, titanium, vanadium, 
and zinc; "n" is as above defined; and "w", "x", n y" and "z" represent the mole fractions of elements "M", 

55 aluminium, phosphorus and silicon, respectively, present as tetrahedral oxides, each having a value of at 
least 0,01 . 

The publication, at pages 14-15, generally describes seeding reaction mixtures to form the desired 
product. 

15 
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Zeolitic molecular sieves may be represented by the general formula: 

Me X C ( A10 2 ) x ( Si0 2 ) y ] • 2 H 2 0 
n 



20 



25 



, 0 number of water molecules, remove' f IK^SSSE VaL^T' °' 1!°°" *« * h "» 

z/x is a number from 1 to 5. usually from 1 to 2 j charactenstoc pore or channel system. The ratio 

en°rlte^ Type A, gismondine. 

heulandite. stilbite. edingtonrte. mesolite' ^J^ 1 *™^ levynrte, mordenite. epistilbite, 
„ the ZSM's (e.g... ZSM-s'see US P^t NoT^Tz^T^ STT^ Phi " ipSite ' 
12 (See U.S. Patent No. 3 832 449) ZSM £ r^/fic n (Se6 U S ' Patent Na 3.972.983.). ZSM- 

Patent No. 3.308.069 TpI^ ^T and J2T ^ ^ 3011 B ~ ^ U S " 

~a^xhe vr^**^~ of suiteb,e zeo,itic 

JSS. S^^oiTS^ ^-near fauiasKe, Ca-HX. Ca- 

• LZ - 1 0- T-2-210, MgHY, MgNa, MgNH*Y MoX MoY Lv J ' L ' U * X ' U " Y ' UA - LiX - 

Na-Y. NH*L, NH*X, NH*Y, Ni-A. Ni-X ?NW omet PdY ohlnhJ' ^ Na '" ear ,aUJ ' aSite ' Na " L ' Na -* 
RhY. SrX. SrY. steam stabilized or ultra stable 7^1^ P > *' W ° * rarG earth *• R "X, 
V-82. ZK-5 Zn-mordenite. Zn-X. ^T^Z ZT^Z™" * ^ ^'-monium Y. X, Y. 

d ^edtu^^^ aluminosilicates. such as 

depicted in U.S. Patent No. 4.061 724 ^ th8 S " ,Ca m °' eCU,ar sieves - s "<* « silicalite as 

angs^oTo^^ is preferably in the range of about 3 

by Donald w. Brack. pubLed by Johr Wley & LTZy^IsT^ " 2e ° ,ite w . Mo1 — Sieves" 
to as the average effective diameter When the feeriSn^ am t' * aVefage diam eter is referred 
small. e.g.. organic components 11^ Z£T2f £ <f T - ?P' oduct or e roduct * « relatively 
molecule, the CMSC preferably has smal JJj Th preferab, y 1 «° about 4 carbon atoms per 

having pores at least a ponTon P TefS v a ma io ? T^I T" Sma " P ° fe CMSC " S « defi " ed « 
characterized such that ^6s^n lLZ ^Z « TH an aVSra9e effective dia ™*" 
adsorption method using given adsoSate 32^.? I V *" Standard McBain -Bakr gravimetric 
of about 0.346 nm) and negligib^^ f *? adsor P tion of parage kinetic diameter 

preferably the average e^S^^Zt^SZ oTaZ ^ ° f M More 
of about 0.4 nm) and negligible adscmtinn T^l 1 V J adsorptlon ofxeno " Oarage kinetic diameter 
(average kinetic iame ter of iout^m^d necS T "f" 1 * by adS ° rpti0n 0f 
a given adsorbate is adsorption of ess tha f tl ef nSi% ? Pt ° n . ° f iS ° bUtane - Ne9,i 9 ib,e adsor P«°" of 
adsorbate is over three percenTbrJetaht ^ of tte !^ J l V ^ ° f CMSC and «*sorpfion of the 
CMSCs useful on the presertTnv^^ *tl nora^ ^ ° n *" W6l ' 9ht of *• CMSC - ^ain of the 
3 angstroms to about 5 angstroms ^ 3Vera9e effeCtive diameter in *e range of about 

prefers solid P ar«c,e, in 

embodiment, the solid particles comprise a caS«.. v Ji^ deS ' r6d Chemica ' con version. In one 

preferabiy at least one of a filler ^^^^^^1^1^ *" ^ materia '- 

50 e.g desired catalyst dilution, mechanical strength and Te like lo T. J h Pr ° Perty ° f Pr ° p8rties ' 
materials are often to some extent porous in nature and o!Tn ° ' d comcosition - Such matrix 

promote the formation of undesired' products an " m aJ TZZZ^SS*?" **** **** * 
chemical conversion. For example acid sites in L 1° \ } be effective to promote the desired 
conversion. Such matrix, e.g Ster and btder matSl F!T "^^ve chemica. 

55 occurring substances, metal' oxides. ^J^^K^TSE; T and 

conias. silica-thorias, silica-berylias silica-tite^! , ' Sl,ica - a,um,n as. silica-magnesias, silica-zir- 

these and the like. al.ca-t.tan.as. smca-alumina-thorias. silica-alumina-zirconias. mixtures of 

The soiid composition, e.g.. solid particles, preferably comprises about ,« to about 99%. more 



30 



35 



40 



45 
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preferably about 5% to about 90% and still more preferably about 10% to about 80%, by weight of CMSC; 
and about 1% to about 99%, more preferably about 5% to about 90% and still more preferably about 10% 
to about 80%, by weight of matrix material. 

The preparation of solid compositions, e.g., solid particles, comprising CMSC and matrix material, is 
5 conventional and well known in the art and, therefore, need not be discussed in detail here. Certain of such 
preparation procedures are described in the patents and patent applications previously incorporated by 
reference herein, as well as in U.S. Patents 3,140,253 and RE.27,639. Catalysts which are formed during 
and/or as part of the methods of manufacturing the solid compositions are within the scope of the present 
invention. 

10 In one embodiment at least one component of the solid composition, preferably at least a portion of the 
matrix material component, is contacted prior to the feedstock/solid composition contacting to provide a 
more effective solid composition. In a particular embodiment, at least a portion of the matrix material (or 
matrix material precursor) is contacted prior to the matrix material being combined in the solid composition. 
For example, if the matrix material includes acid sites which can result in non-selective chemical conversion 

75 during the feedstock/solid composition contacting, the matrix material, preferably separate and apart, from 
the CMSC, can be contacted with a basic component, e.g., ammonia and the like, in an amount effective to 
neutralize at least a portion, preferably a major portion and more preferably substantially all, of the acid 
sites on the matrix material being contacted. Care should be taken to avoid regenerating these acid sites. 
After this contacting, the matrix material and CMSC can be combined into the solid composition, e.g., using 

20 conventional techniques. 

This embodiment provides substantial advantages. For example, the matrix .material alone may be 
contacted at more severe conditions than would be possible if the CMSC was present. Also, relatively 
inexpensive basic components, e.g., ammonia and the like, can be employed to contact the matrix material, 
again with no concern for harming the CMSC which is not present. Of course, this contacting should be 

25 conducted so as not to substantially adversely affect the matrix material being contacted, the final 
composition or the desired chemical conversion. 

The solid particles including the CMSC may be of any size functionally suitable in the present invention. 
In order that the catalyst can be utilized more effectively and if a fixed bed or solid particles is not 
employed, the solid particles are preferably small relative to fixed bed solid particles used to promote 

30 similar chemical conversions. More preferably, the solid particles have a maximum transverse dimension, 
e.g., diameter, in the range of about 1 micron to about 500 microns, still more preferably about 25 microns 
to about 200 microns. 

The solid particles may be subjected to spray drying as part of the solid particle manufacturing process 
to form the solid particles or precursors of the solid particles. An additional advantage of employing such 

as spray drying is that the conditions of such step can be controlled so that the product solid particles are of a 
desired particle size or size range. The use of spray drying in such solid particle manufacturing is 
conventional and well known, and therefore need not be discussed in detail here. 

The non-zeolitic molecular sieves or NZMSs are particularly useful in the practice of the present 
invention. Among the NZMSs, the SAPOs are particularly useful. SAPO-17 and SAPO-34, which is 

40 described in detail in Example 38 of U.S. Patent 4,440,871, are especially preferred catalysts for promoting 
the reaction of molecules containing one carbon atom, e.g., methane, methanol, methyl halide, and the like, 
to form products containing up to about 6, preferably up to about 4, carbon atoms per molecule, e.g., 
ethylene, propylene, butylene and the like. Currently, SAPO-34 is most preferred. 

Although the present process may be conducted in the presence of a solid particles/liquid slurry, it is 

45 preferred that the solid particles be present in the fiuidized state or as a fixed bed, more preferably in the 
fluidized state, e.g., as a fiuidized bed of solid particles. The use of fiuidized solid particles provides 
improved process control, in particular temperature control and catalytic activity control and/or selectivity 
control to the desired product 

The chemical conversion or reaction obtained by practicing the present invention can vary widely and 

so depends, for example, on the feedstock and catalyst employed and on the feedstock/catalyst contacting 
conditions used. Substantially any chemical conversion or reaction which is capable of being catalyzed by a 
CMSC and conducted in a slurry system may be conducted while practicing the present invention. 
Examples of reactions which may be obtained include cracking; disproportionation; olefin production from 
non-olefin feedstocks; olefin interconversion; aldol, e.g., aldehyde-aldehyde, ketone-ketone, aldehyde-ketone 

55 and aldehyde or ketone-aromatic component, condensation; condensation reactions to produce cyclic 
lactams; isoprene formation; alkylation (aromatic, e.g., benzene, toluene and phenol alkylation); and 
isomerization (xylene isomerization). One particularly preferred chemical conversion or reaction involves 
olefin production from non-olefin feedstocks, more preferably feedstocks comprising aliphatic hetero 

17 
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compounds. 



20 
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55 



Substantially any feedstock or combination of feedstocks includino 1 to fl h„,.t e ^ 
molecule may be employed in the Dresent in«.n««« '"eluding 1 to about 6 carbon atoms per 

to organic feLstoc^Slg 1 TSSTt^JT"* ^ I"*"" '' S ^"'^ apP,iC ^ 8 
s comprising carbon and hydrogen, and n£re prefSoTv at^L^ "T*-, ^ motecu,es 

preferably selected from L group consSng 5££2 suS hZ , ^"u ™ S ^ e ' ement iS 
thereof, with oxygen being particularly preferred 9 ' ° 9en - P hos ^ s "^res 

«» preferably , to about 4. carbonL^^ feedSt0ck <***» ' to about 6. 

feedstocks for use in the present invent CeSyl^ Preferred 
and preferably 2 to 4 carbon atoms oer mni~„il 1 7 u °. S contain,n 9 2 to about 6 

product, such'olefins ^pS^JS.Sf^^'? FT" ^ " 9ht 0lefinS are *» desired 
of the hydrocarbon product is £m otefin^S,^ ^ESfS* 0 " Pn>dUCt ^ OVer 50 m0,e percerrt 
rs include alcohols, halides. mercaptans suites ^TSJT^T"?' " ^ t0 

ketones, carboxylic acids and the like) The T^'J^\ !? d Carb ° ny ' com P°^ (aldehydes, 

atoms and more preferabrcontels frlnT i t aLZ I* C ° nta ' nS fr ° m 1 t0 about 10 carbo " 

straight or branched cha7 aSs ftTunslS? T^" ^ Suitat " 6 reactants include 
analogue of such. Repress ^ TiS^TS^ M n, ' tr ° 9en ' ha '° 9en 3,111 Sulfur 
mercaptan; methyl sulfide- methTam n dTmlJ 2f * , Compounds includ * methanol; methyl 
ether; methyethy," ether; f^a.^ *hy, chloride; diethyl 

alkyl sulfides having n-alkyl group hav no: toe IT 5 n " a ' kyl ammes: "■ a,k y | ha,ides an <* 

e.g.. where light otefins are the de3 orSucts ^ ?ZE m * m@S ,n one embodiment. 

cTnS; en id^ r 

feedstock^ontainsftoabo^ca^fn a^^ — * particu,a "* «*- when the 

organic. However,* should be note Hhat a ^22^S^2^ ''f^' ** d9Sired product is 
inorganic even when the primary product souohf^'o^f ther ?° r ° das ™*> reaction by-product may be 
methanol to light olefins plus wate T^S ? 9 f °' ^ ' S exem P ,ified by the conversion of 
include carbo'and hyd^en In one enTbodfment «?2 "fT ^ m °' eCU,eS Which preferab, V 
more preferably 1 to aboS ?4 carbon atoms ml^T, COntains 1 to «*°* 6- 

kinetic diameters which allow suc^^ or products preferably have 

CMSC. products to be removed from or escape from the pores of the 

feedstock/solid composition S^STl^ ^"^7. C ° mbined With tha ,eedsto <* *> the 
feedstock. Preferably the feS^lLl^J?^^™ 2009 Separate,y ,rom *e 

during this contacting. Such diluent Preferab^ act! tlZZfTT Cont,nuous| y fed to *e reaction zone 
feedstock chemical emersion anTma^^^ » a ' S ° - -~ - 

^Z^^Z^Z^X the H instant process are helium - 

is preferably selected ItaT^jJSS^SE' J?? - * 0 " - ^ m,XtUreS there0f - ^ d,,uent - ,f an V- 
dioxide, hydrogen, water S IlSSSiS oTtim wLr „T' ar9 ° n ' nitr ° 9en ' Carb °" monoxide ' «*« 
being more prlferred. The l^^^'JS^.'S^ " d miXtUreS there0f ' in parttcular 
the particular application involved F« #«mni! * V ' V V3ry 0V8r a wide ran 9 e depending on 

about 0, % orTess JS^J^LSTft SZXZT ^ * " ^ - ^ ° f 

preferably contacted with «Q«J-S^^ te '22^2ff Pr0P6rty - ^ ^ C ° mP ° Siti ° n ' S 
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regeneration medium acts to reduce the average kinetic diameter of molecules present on the pores of the 
CMSC. Such reduction in the kinetic diameter of these molecules is preferably sufficient to allow the 
resulting molecules to leave or exit the catalyst pores, thereby providing more pores and/or pore volume for 
the desired chemical conversion. The catalyst is regenerated, such as for example, by removing carbona- 

s ceous deposit material by oxidation in an oxygen-containing atmosphere. 

In one embodiment, the catalyst and/or solid composition, preferably the catalyst, includes at least one 
added component effective to promote the action of the regeneration medium. For example, the catalyst 
may include at least one metal component effective to promote the oxidation of the carbonaceous deposit 
material. Of course, such metal component should have no substantial adverse effect on the desired 

io chemical conversion. The specific added catalyst component depends on the requirement of the particular 
application involved. Examples of such added components include components of transition metals, such as 
nickel, cobalt, iron, manganese, copper and the like; the platinum group metals such as platinum, palladium, 
rhodium and the like; and the rare earth metals such as cerium, lanthanum and the like, and mixtures 
thereof. If an added metal component is used, it is preferred that this component be present as a minor 

75 amount, more preferably as about 1 ppm to about 20%, by weight (calculated as elemental metal) of the 
weight of catalyst employed. 

Alternately to the oxidative catalyst regeneration, a reducing medium can be employed to regenerate 
the catalyst. Such reducing medium, preferably selected from the group consisting of hydrogen, carbon 
monoxide and mixtures thereof, and in particular hydrogen, can, for example, be used to react with 

20 molecules, e.g., of carbonaceous deposit material precursor, in the pores of the catalyst to produce 
molecules of reduced kinetic diameter so that such produced molecules can exit the pores of the catalyst. 
In one embodiment, the reducing medium is hydrogen and the catalyst includes at least one component, 
preferably a metal component, effective to promote hydrogenation of molecules present on the catalyst, 
e.g., in the pores of the catalyst, at the conditions of the reductive regeneration. 

25 In one embodiment the regenerated solid composition, prior to being used again in the feedstock/solid 
composition contacting step is subjected to one or more treatments or contactings to condition the 
regenerated solid composition to have increased effectiveness, e.g.. increased selectivity to the desired 
product or products, in the feedstock/solid composition contacting step. For example, the regenerated solid 
composition can be contacted at an increased temperature relative to the temperature at which the solid 

30 composition/regeneration medium contacting takes place and/or in the presence of steam (in the substantial 
absence of feedstock) in an amount effective to condition the regenerated solid composition to have 
increased effectiveness in the feedstock/solid composition contacting. The amount of steam employed 
during this contacting is preferably increased relative to the steam, if any, conventionally used to transfer 
such solid composition or solid particles from a catalyst regeneration zone to a reaction zone. In one 

as particular embodiment where steam is used as a diluent in the feedstock/solid composition contacting step, 
the diluent steam is contacted preferably at a temperature increased relative to the regeneration tempera- 
ture, with the solid composition prior to the feedstock/solid composition contacting to condition the solid 
particles as described herein. Such high temperature/steam contacting often deactivates the solid composi- 
tion, in particular the matrix material of the solid composition, to some extent and acts to improve the 

40 selectivity of the solid composition to the desired product or products. Preferably both high temperatures 
and steam are employed. Care should be taken to control this contacting to avoid substantial permanent or 
irreversible damage to the CMSC. 

In one embodiment, the regenerated solid composition is contacted in the presence of at least one 
component in an amount effective to condition the regenerated solid composition to have increased 

45 effectiveness in the feedstock/solid composition contacting. The component may be inorganic or organic, 
with organic components being preferred. Such organic components preferably include carbon and 
hydrogen, and more preferably at least one other element, for example, halogen, nitrogen, oxygen, 
phosphorus, sulfur and mixtures thereof. Preferably, the component is substantially incapable of entering 
the pores of the CMSC. For example, the component may be dibenzyl benzenes, diphenyl ether and the 

so like and mixtures thereof, particularly if the CMSC has pores with small average effective diameters, i.e., 
about 5 angstroms or less. 

In a particular embodiment, this component is a basic component, more preferably a basic component 
the molecules of which are substantially prevented, e.g., because of size and/or shape considerations, from 
entering the pores of the CMSC. Such basic component preferably acts to inactivate or reduce the 

55 undesired catalytic activity of the matrix material without substantially affecting the desired catalytic activity 
of the CMSC. The basic material is preferably selected from the group consisting of pyridine, pyridine 
derivatives, quinoline, quinoline derivatives and mixtures thereof, particularly when the preferred relatively 
small effective diameter CMSCs are employed. The amount of such basic components or components 

19 



BNSDOCID: <EP 0359841 A 1_l_> 



EP 0 359 841 A1 



w 



15 



20 



25 



30 



35 



40 



45 



252^ Xc^ot^f^^ SUC t h COmp0nent * to improve »e 

ctherzr is r tacted with a ,eed mate ** »«■"-* 

the regenerated so.id common to ^^TZ^^^" ^ ^ 

contacting. The chemical convVrston of such S ™t ! ^f, 016 ^^^olid composition 
materia, in the regenerated EE^JSS tSs ZTnxJTZ *° M 

takes piece in the substantial absencTofTe Ze^JkT^Z !^ C0 ™ posit,on conte ^9 Preferably 
product or products of the coercion * thl ?S ^« de ^ed Product. The feed material, and the 
composition contacting condrtionsThouW have no lubLSn t ^ J** materia ^generated solid 
and desired product and on Z feedstoc^,IW S£JS detr,mentel eff ect on the CMSC. the feedstock 
selected to be substantially incaDaote of enS,n f . corn P° srt, °" co "«act.ng. The feed materiaJ is preferably 
feed materia.* is SSSS^S^JZS 2£ET th^? 80 ' ° ne ^"'^ pr9ferred class « 
about 3 to about 20. morr P referab°v abou^ ? 2 To Ton 2 h y drocarbons employed preferably contain 
materia^regenerated ^^^^^^^5^ "ST ^ m ° leCU ' e - Preferab,y ' *• feed 
deposit material, or precursor TZhTSltZ^ ft effeCt,V6 t0 form carbonaceous 

regenerated solid composition afte ms ilZ lT u ' *" S °" d com P osition - More preferably, the 
about 0.5% to about 20% £ wetS TsuT^ST^TT ^ comp ° sit, 0" oontacting contains 
one specific embodiment. ZfZZZ^ ° f SUCh dep ° Sit materi ^ 

to crack the hydrocarbons eg oaraffins SurS Z5r fompos.fton contacting occurs at conditions 

about 200- C. to about 600" I' conaraons preferably include temperatures in the range of 

the feedstock/said composMon ooSiata TET^n! - a T P0S """' B have lncreas,a i» 

separated ton tn. solid composwon JZ, ! toTel^ 1?^ ° 9S,re ° prMuct or P™*** « 
separators, various techniques ^ T P ?' W9>S ^P 3 "" 1 "" sucn as cyclone 

such product or products. «—"»■. aaporpton and tne like, can be used to recover or purify 

for exa^.^ ™«<*"° — « *-Y widely depending. 

desired. Trie present ^ ^^^^T^s^Z^ ^ preduct ° r pr ° duc * 
tures in excess of about 200* C more orLra-Ttn f !. S ° U ? com PO si «on contacting tempera- 

of about 10 psig.. more pLerabKyT excess if Tout'S !*°? , 3< !° C " and pr6SSures in excess 
feedstock containing 1 to about 4 ca*on^to ms ~ ^ J' 9 " ^ l ° be produced *«■ 
temperatures are preferably in the ranged aC 200* C flS??™" COmp0sition . contac «09 

preferably about 350* C to about M? C 7„ c h« ? ' 6 °° C ' ° f eV€m about 700 C - more 

pressures preferably below LfuMSuu psig m ° re about 400 l ° about 500 ' with 

The following non-limiting examples are provided to better illustrate the invention. 



EXAMPLES 1 TO 4 



50 



SS 



parties Sg ^^Z^J^J^^ *• *™ — -lid 

weight of alumfna binder a'nd SS? by weigh TZ^JFE- T* A ° f 15% * 

of alumina binder and 75% by weighLf kaol c.ly ^ er C ° mP ° Sed ° f 25% by Wei 9 ht 

An expenmentai apparatus used in Examples 1 to 4 was as follows- 

zone at Z^Z^ T " Engagement 

catalytic activ^ of the reaTiSe ^JKB-fi 0?^^ 



20 

BNSDOCID: <EP 03SS841A1 J_» 



EP 0 359 841 A1 



The reactor temperature was controlled by the Techne SBL2-D fluidized sand bath in which the reactor was 
located. Analytical grade methanol was fed using a metering pump. The methanol was vaporized and 
preheated in the feed lines to the reactor using he.at tape. Methanol flow was measured by periodically 
timing the level change in a burette on the pump suction line. A small rotameter was also used to check the 
5 methanol flow. 

Nitrogen diluent was fed from high pressure cylinders. It was mixed with the methanol upstream of the 
reactor. When pyridine was fed to the reactor in place of methanol, nitrogen was also fed to the reactor in 
an amount and at a rate sufficient to maintain the matrix material in a fluidized state. Nitrogen flow was 
controlled with a Veriflow controller, and measured with a rotameter. 

70 Pressure in the reactor was. controlled using a Grove pressure regulator on the reactor outlet. Pressure 
was reduced after the reactor outlet to about 5 psig. to avoid condensation in the sample lines. From the 
reactor, steam jacketed lines led to the gas chromatograph, then to the turbine flow meter used for 
measuring gas flows. Fittings and other potentially cool areas were electrically heated and insulated to 
prevent any condensation of water or heavy products in the sample lines. The gas stream then went to a 

75 condenser, through a wet test meter and was vented back to a hood. 

Regeneration was controlled by a set of low wattage ASCO solenoid switching valves, which were 
controlled by an IBM PC driven ISAAC data acquisition and control system. 

A brief series of two (2) experiments was run at substantially constant temperature, pressure, and 
methanol and nitrogen feedrates. Approximately two (2) minutes into each experiment, the methanol feed to 

20 the reactor was stopped, pyridine was substituted for the methanol for a brief time, and then methanol (with 
no pyridine), was again fed to the reactor. 

A second brief series of two (2) experiments was run repeating the first series except that a material 
comprising primarily diphenyl ether, and sold by Dow Chemical Company under the tradename Dowtherm 
A, was used instead of pyridine. 

25 In each of the first experiments, the system was operated at conditions which would normally (without 
the substitution of pyridine) give long-term methanol conversion to products other than dimethyl ether of 
about 7 to 8%. Upon resuming methanol flow after pyridine contacting, methanol conversion immediately 
dropped to less than 3%. However, as the experiments continued, the methanol conversion gradually 
recovered to about the previous level. In the second series of experiments, treatment with the diphenyl 

oo ether material resulted in a drop in methanol conversion from about 5.6% to about 4.8%. 

Without limiting the present invention to any theory or mechanism of operation, it may be is postulated 
that the pyridine was adsorbed on the surface of the matrix material. The pyridine was gradually desorbed 
during the experiments, exposing the active acid sites of the matrix material again. The relatively large, 
bulky diphenyl ether molecules are also adsorbed on, and desorbed from, the surface of the matrix 

35 material. The pyridine was more effective than the diphenyl ether in reducing the largely non-selective 
catalytic activity of the matrix materials because it is basic and can chemically neutralize the acid sites of 
the matrix material. 

The use of such conditioning agents is particularly advantageous when a small pore CMSC is included 
in solid particles including such matrix materials. The molecules of the conditioning agent are sized, e.g., 

40 have kinetic diameters, such that the conditioning agent is substantially prevented from entering the pores 
of the CMSC. Thus, the conditioning agent effectively reduces the largely non-selective catalytic activity of 
the matrix material without substantially affecting the CMSC. Overall, the solid particles are more selective 
toward promoting the desired chemical conversion of the feedstock, e.g., methanol. 

Since the matrix material is often most active at the start of feedstock contacting, it may be desirable to 

45 contact the solid particles with an effective amount of conditioning agent prior to such contacting. When the 
conditioned solid particles are contacted with the feedstock, the solid particles often gradually become 
deactivated. This gradual deactivation may continue to moderate the non-selective activity of the matrix 
material even though the conditioning agent may gradually become disassociated, e.g., desorbed, from the 
solid particles. In one embodiment, the conditioning agent is fed to the feedstock/solid particles contacting 

so zone or zones, preferably on a substantially continuous basis during such contacting, to maintain a level, 
preferably a substantially steady-state level of conditioning agent associated, e.g., adsorbed, on the solid 
particles. Of course, the solid particles can be contacted with conditioning agent prior to the feedstock 
contacting, and also the conditioning agent can be fed to the feedstock/solid particle contacting zone. The 
specific conditioning agent employed and the amounts of agent to be employed and the optimum method 

55 of employing the conditioning agent are to be chosen based on the specific application to be encountered. 
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neutralize a major portion of the acid sites in the matrix material of the solid particles. Vaporized and heated 
methanol is fed to the vessel (along with the pyridine and the steam diluent) to produce light olefins which 
are removed from the vessel through the cyclone separators. Throughout the cycle the catalyst is 
maintained at a temperature of about 500* C. and a pressure of about 80 psig. After a period of time. 

5 methanol flow and pyridine flow is stopped and steam purges the vessel of methanol. After the purge, air is 
introduced into the reactor vessel to regenerate the catalyst. After the desired catalyst regeneration, the flow 
of air is stopped and steam purges the vessel of air. At this point, the cycle is begun again. The time 
sequencing of this cyclic operation is such that no less than two of the reactor vessels operate in the 
reaction mode at any one time. 

10 This cyclic operation is effective in producing ethylene and propylene, in particular ethylene, from 
methanol. 

While the present invention has been described with respect to various specific examples and 
embodiments, it is to be understood that the invention is not limited thereto and that it can be variously 
practiced within the scope of the following claims. 

75 

Claims 

1. In a process for converting a feedstock containing 1 to about 6 carbon atoms per molecule which 
20 includes (a) contacting said feedstock with a solid composition comprising a crystalline microporous three 

dimensional solid catalyst having the ability to promote said conversion, and matrix material at conditions 
effective to convert said feedstock, to produce at least one desired product, and to at least partially 
deactivate said solid composition; (b) contacting said deactivated solid composition with regeneration 
medium at conditions to at least partially regenerate said solid composition; and (c) repeating step (a), the 
25 improvement which comprises (d) contacting said regenerated solid composition prior to step (c) to 
condition said regenerated solid composition to have increased effectiveness in step (c). 

2. The process of claim 1 wherein step (d) is conducted in the presence of at least one component in 
an amount effective to condition said regenerated solid composition to have increased effectiveness in step 
(c). 

30 3. The process of claim 1 wherein step (d) is conducted in the presence of steam in an amount 
effective to condition said regenerated solid composition to have increased effectiveness in step (c). 

4. The process of claim 1 wherein step (d) is conducted at an increased temperature relative to the 
temperature at which step (b) is conducted. 

5. The process of claim 4 wherein step (d) is conducted in the presence of at least one component in 
35 an amount effective to condition said regenerated solid composition to have increased effectiveness in step 

(c). . 

6. The process of claim 1 wherein step (d) is conducted in the presence of at least one basic 
component in an amount effective to condition said regenerated solid composition to have increased 
effectiveness in step (c). 

40 7. The process of claim 6 wherein said basic component is substantially incapable of entering said 
pores of said catalyst. 

8. The process of claim 1 wherein step (d) comprises contacting said regenerated solid composition 
with a feed material at conditions to chemically convert said feed material. 

9. The process of claim 8 wherein said feed material is other than said feedstock. 
45 10. The process of claim 9 wherein said feed material is organic. 

11. The process of claim 10 wherein said conditions at which step (d) is conducted are effective to 
crack said feed material. 

12. The process of clam 10 wherein said feed material is paraffinic. 

13. The process of claim 10 wherein said feed material contains about 3 to about 20 carbon atoms per 
so molecule. 

14. The process of claim 1 wherein said pores of said catalyst are substantially uniform in size. 

15. The process of claim 1 wherein said catalyst is a small pore catalyst. 

16. The process of claim 14 wherein said pores have average effective diameters of less than 5 
angstroms. 

55 17. The process of claim 1 wherein said catalyst is selected from the group consisting of layered clays, 
zeolitic molecular sieves, non-zeolitic molecular sieves and mixtures thereof. 

18. The process of clam 1 wherein said catalyst is selected from the group consisting of non-zeolitic 
molecular sieves and mixtures thereof. 
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30. The process of claim 29 wherein said feed material is other than said feedstock 

31 . The process of claim 30 wherein said feed material is organic 
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45. The process of claim 44 wherein said component is a basic component 

46. in a process for converting a feedstock containing 1 to about 6 carbon atoms per molecule which 
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includes contacting said feedstock with solid particles comprising a small pore crystalline microporous three 
dimensional solid catalyst having the ability to promote said conversion and matrix material, said solid 
particles being present in the fluidized state or in a fixed bed, at conditions effective to convert said 
feedstock and to produce at least one desired product, the improvement which comprises conducting said 
contacting in the presence of at least one added conditioning agent in an amount effective to improve the 
performance of said solid particles in said contacting, said conditioning agent being substantially incapable 
of entering the pores of said catalyst. 

47. The process of claim 46 wherein said solid particles are present in the fluidized state. 

48. The process of claim 46 wherein said conditioning agent is effective to improve the selectivity of 
said solid particles to produce said desired product 

49. The process of claim 46 wherein said conditioning agent is a basic material. 

50. The process of claim 49 wherein said basic material is selected from the group consisting of 
pyridine, pyridine derivatives, quinoline, quinoline derivatives and mixtures thereof. 

51 . The process of claim 46 wherein aid catalyst is in the range of about 1 to about 99% by weight of 
said solid particles and said matrix material is in the range of about 1 to about 99% by weight of said solid 
particles. 

52. The process of claim 46 wherein said pores of said catalyst are substantially uniform in size. 

53. The process of claim 50 wherein said pores of said catalyst are substantially uniform in size. 

54. The process of claim 52 wherein said pores have average effective diameters of less than 5 
angstroms. 

55. The process of claim 46 wherein said catalyst is selected from the group consisting of layered 
clays, zeolitic molecular sieves, non-zeolitic molecular sieves and mixtures thereof. 

56. The process of claim 46 wherein said catalyst is selected form the group consisting of non-zeolitic 
molecular sieves and mixtures thereof. 

57. The process of claim 46 wherein said catalyst is selected from the group consisting of 
silicoaluminophosphates and mixtures thereof. 

58. The process of claim 46 wherein said matrix material includes at least one of (1) a filler material, 
and (2) a binder material. 

59. The process of claim 1 wherein said feedstock is selected from the group consisting of methanol, 
ethanol, dimethyl ether and mixtures thereof. 

60. The process of claim 59 wherein said desired product is selected from the group consisting of 
ethylene, propylene, butylenes, and mixtures thereof. 

61 . The process of claim 22 wherein said feedstock is selected from the group consisting of methanol, 
ethanol, dimethyl ether and mixtures thereof. 

62. The process of clam 61 wherein said desired product is selected from the group consisting of 
ethylene, propylene, butylenes and mixtures thereof. 

63. The process of claim 46 wherein said feedstock is selected from the group consisting of methanol, 
ethanol, dimethyl ether and mixtures thereof. 

64. The process of claim 63 wherein said desired product is selected from the group consisting of 
ethylene, propylene, butylenes and mixtures thereof. 
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